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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a sensor for detecting 
the orientation of an external field using at least one sensor 
element having a multilayer system exhibiting significant 
reluctance effect GMR in which the sensor comprises at least 
one soft magnetic measuring layer, at least one relatively hard 
bias layer having a predetermined magnetizing direction and at 
least one nonmagnetic intermediate layer interposed between 
and detects the angle over 360° while eliminating the problem 
of quite low sensitivity. 

SOLUTION: At least one sensor element E t E' includes at feast 
two element parts Ej, E1 to E4, ET to E4 r and the multilayer 
system S is formed on a common substrate 2. The magnetizing 
direction ml to m4 make an angle a which is not equal to 0° 
or 180° and the measurement signals AR1, AR1 are evaluated 
commonly. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is sensor equipment for at least one sensor component which has the multilayer system 
which presents a very large magneto-resistive effect (GMR) to detect the direction of an external 
magnetic field. The measurement layer of at least one soft magnetism, In sensor equipment including at 
least one comparatively hard bias layer which has the magnetization direction defined beforehand, and 
at least one nonmagnetic interlayer stationed among them At least one sensor component (E, E') is at 
least two component parts (it Ej(s)). Those multilayer systems (S) are constituted on a common 
substrate (2) including E1 thru/or E4, E1 'or E4 '. Sensor equipment for the magnetic-reluctance type 
sensor component characterized by inserting the include angle (alpha) is not equal to 0 degree or those 
magnetization directions (ml thru/or m4) are not equal to 180 degrees, and evaluating those 
measurement signals (delta R1, delta R2) in common to detect the direction of an external magnetic 
field. 

[Claim 2] Sensor equipment according to claim 1 characterized by being isolated mutually and 
connecting the sensor component part with common signal evaluation equipment. 
[Claim 3] Sensor equipment according to claim 1 or 2 characterized by the include angle (alpha) 
sandwiched by the magnetization direction (ml thru/or m4) of two sensor component parts of a sensor 
component being 20 degrees - 160 degrees or 200 degrees - 340 degrees. 

[Claim 4] Sensor equipment according to claim 3 characterized by the include angle (alpha) sandwiched 
by the magnetization direction (ml thru/or m4) being **10 degrees (n= 1, 2, 3, 5, 6 or 7) mostly (n.45 
degrees) at least. 

[Claim 5] Sensor equipment according to claim 4 characterized by the include angle (alpha) sandwiched 
by the magnetization direction (ml thru/or m4) being about 90 degrees or 270 degrees at least. 
[Claim 6] Claim 1 to which a sensor component part (Ej) is characterized by having the same 
lamination and the same configuration thru/or sensor equipment of one publication of five. 
[Claim 7] claim 1 to which the measurement layer (7) and (or) bias layer of each sensor component 
part (Ej) are characterized by being formed from the layer packet which consists of two or more layers 
thru/or the sensor equipment of one publication of six. 

[Claim 8] at least one conductor for leading the programmed current (Ie) for setting up the 
magnetization in at least one bias layer of a multilayer system fixed to each multilayer system (S) of a 
sensor component part (Ej) — claim 1 characterized by matching the band (10a) thru/or the sensor 
equipment of one publication of seven. 

[Claim 9] two or more conductors electrically connected to juxtaposition — claim 1 characterized by a 
band (10a) forming strip conductor equipment (10 10') thru/or the sensor equipment of one publication 
of eight. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is sensor equipment for at least one sensor component which 
has the multilayer system which presents a very large magneto-resistive effect (GMR) to detect the 
direction of an external magnetic field, and relates to sensor equipment including at least one 
comparatively hard bias layer which has the magnetization direction beforehand determined as the 
measurement layer of at least one soft magnetism, and at least one nonmagnetic interlayer stationed 
among them. Such sensor equipment is indicated by the international patent/[ 94th ] No. 17426 
specification. 
[0002] 

[Description of the Prior Art] The magnitude of the field which pierces through an ingredient, and the 
relation between a direction and electric resistance are given in the layer which consists of 
ferromagnetic transition metals like nickel, Fe or Co(es), and those alloys. The effectiveness produced 
in such a layer is called "anisotropy magnetic reluctance (AMR)" or a "anisotropy magneto-resistive 
effect, the electron with which it has various spin and the spin polarity of D band physically — ****** 
— it is based on the scattering cross section. An electron is called a large number or a a small number 
of electron. Generally for a suitable magnetic-reluctance type sensor, the film which consists of such a 
magnetic-reluctance nature ingredient that has magnetization is prepared in a layer flat surface. The 
resistance change in the case of rotation of the magnetization about the direction of the current drawn 
through a sensor may be several% of the isotropic (= ohmic) usual resistance in that case. 
[0003] Furthermore, including many ferromagnetic layers arranged as a layered product, they are 
mutually separated by the metaled nonmagnetic interlayer, respectively, and the multilayer system of 
magnetic-reluctance nature with which those magnetization is preferably located in a layer flat surface 
respectively is known. The thickness of each layer is chosen clearly smaller than the mean free path of 
conduction electron in that case. So-called "giant magneto-resistance" or "huge magnetic reluctance 
(GMR) arises additionally to the now above-mentioned anisotropy magneto-resistive effect in such a 
multilayer system (see for example, the European Patent application ****** 0 483 No. 373 official 
report), a large number in the interface between the interlayers by whom such GMR effectiveness 
adjoins a ferromagnetic layer and it, and a small number of conduction electron — ****** — jt is 
based on dispersion of strength, and the scattering effect in these layers. The GMR effectiveness is 
the effectiveness of the isotropy in that case. It may be a notably larger value than the effectiveness 
AMR of an anisotropy. Generally, the magneto-resistive effect which presents a notably larger value 
than the AMR monolayer component (setting to a room temperature) is called GMR effectiveness 
[0004] In the multilayer system which presents the GMR effectiveness that the 1 st format is suitable 
orientation of the adjoining magnetic layer is magnetically carried out without the external magnetic 
field to reverse juxtaposition based on cross coupling. This orientation may be converted into parallel 
orientation by the external magnetic field. Compared with it, the GMR multilayer system of the 2nd 
format has the so-called hard bias layer more magnetically than the softest magnetic possible 
measurement layer that exists, the measurement layer and (or) the bias layer may be permuted by 
many layers by which the laminating is carried out as a layered product, respectively. However each 
layer will be left and, below, it will explain, respectively. 

[0005] The measurement layer and the bias layer of each other are magnetically decombined by the 
nonmagnetic interlayer with such a multilayer system of the 2nd format. Without an external field 
magnetization of both magnetic layers has sandwiched a certain include angle, for example, is reverse 
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juxtaposition. It is the magnetization Mm of the measurement layer of soft magnetism to the basis of 
the effect of the external field Hm (= the measurement field component in the layer flat surface of a 
measurement layer). ****j n g in the direction of a field, orientation is carried out and the orientation of 
the bias layer of the magnetically harder one remains eternally in practice in another side. The include 
angle phi between the magnetization directions of both layers determines resistance of a multilayer 
system in that case. That is, in the case of orientation parallel conversely [ resistance is small and ] in 
the case of parallel orientation, resistance is strong. This is Mm. Hm It comes out as a result of the 
fact that the most important relation of a between is given. In being the easiest, it realizes a bottom 
type in that case. 

[Equation 1] Mm and Hm =Mm Hm (in that case, in the sentence, vector quantity is a Gothic alphabetic 
character in a horizontal enlarged character and a drawing, and scalar quantity is shown by the 
ordinary alphabetic character). 

[0006] Magnetic-reluctance signal deltaR of such a GMR multilayer system is given by the following 

formula in that case. 

[Equation 2] delta R=delta (1-cosphi) 

[0007] delta[ from this formula ] R is phi=phi 0. And phi=-phi0 It is clear to receive and to take an 
equal value. However, it means that this may be uniquely detected only in those for the splay whose 
include angle phi is 180 degrees. Furthermore, external measurement field Hm When the include angle 
between the reference directions determined by magnetization of a bias layer is set to theta, include- 
angle sensibility ddeltaR/d theta=delta sintheta is very low to theta= 0 and theta^pi (see the 
specification of the international patent indicated at the beginning) 
[0008] 

[Probtem(s) to be Solved by the Invention] The technical problem of this invention is constituting so 
that the problem sensibility's being too much low may be reduced, as 360-degree include-angle 
detection is enabled for the sensor equipment which has the description raised to the beginning 
[0009] 

[Means for Solving the Problem] According to this invention, at least one sensor component is 
constituted on a substrate with those common multilayer systems including at least two component 
parts, and sandwiches the include angle is not equal to 0 degree or those magnetization directions are 
not equal to 180 degrees, and this technical problem is solved by evaluating those measurement signals 
in common. 

[0010] This invention acquires the sensor partial signal which should be considered or evaluated by two 
sensor component parts constituted equally preferably in common two in that case, and is based on 
consideration of offering the possibility of the most important distinction between the range of 0 
degree thru/or 180 degrees, 180 degrees, or 360 degrees with these sensor partial signals. 
[0011] The advantageous embodiment of the sensor equipment by this invention is raised after claim 2. 

[0012] 

[Embodiment of the Invention] Hereafter, a drawing explains this invention to a detail further. The same 
reference mark is given to the part which ****s in a drawing. 

[0013] The sensor equipment by this invention contains at least one sensor component containing at 
least two sensor component parts currently formed by the thin film technology on the advantageously 
common substrate. The configuration of these component parts is well-known in itself (for example, a 
European Patent application ****** 0 483 No. 373 official report or the German patent application 
****** refer to 42 32 244 No., 42 43 357 No., or the 42 43 No. 358 official report). According to 
drawing 1 , each component part Ej contains typical multilayer-system S to the GMR component 
attached on the substrate 2. This multilayer system has advantageously the hard magnetism layer 3, 
the middle class 4 who is attached on it and acts as a binder course, and the layer 5 of the 
ferromagnetism by which the deposit was carried out on this middle class, or ferrimagnetism as the 
lowest layer, this layer 5 is making the bias layer which has the magnetization direction which is about 
1 law at least in that layer flat surface in measuring range in that case. The layer 3 specially combined 
with antiferromagnetism thru/or 5 form the so-called bias layer packet P. Only the magnetic 
comparatively hard subsystem or the single bias layer which consists of a ferromagnetic layer and the 
antiferromagnetism layer which touches directly instead of may be prepared. [ this packet ] According 
to the example adopted, this layer packet is decombined in approximation magnetic at least through 
the nonmagnetic interlayer 6 as magnetic possible from the measurement layer 7 of **** field 
sensitivity. It is attached in order to lead the planned current on which the connection contact which is 
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not shown in a drawing flows through a component part to a measurement layer. This configuration of a 

layer system may be further covered with the protective layer. Measurement field Hm which should be 

detected about the direction at least (exterior) It is shown by the line with an arrow head. 

[0014] Such a GMR sensor component part Ej Resistance is related to relative bearing of 

magnetization of the measurement layer 7 in comparison with the bias layer packet P in that case. In 

order that change of this resistance may determine the direction of the field given, it may be used in 

this way, for example a rotation location or in order to determine a location absolutely (the 

[ international patent ] also a No. 94/17426 specification reference). . This resistance change is 

magnitude deltaRr of a magneto-resistive effect. It sets, that time — magnitude deltaRr : defined as 

follows — [Equation 3] 

deltaRr =[R(****)-R (****) ]/R (****) 

[0015] It is magneto-resistive effect deltaRr because of that of the direction sensibility of a field of a 
GMR sensor component. The difference of resistance between the reverse parallel magnetization 
direction of a bias layer or the measurement layer about a suitable bias layer packet and the parallel 
magnetization direction is presented. The mutual sense of magnetization of a measurement layer and a 
bias layer in the above-mentioned formula is shown by the sense of an arrow head. Generally a 
magneto-resistive effect is the magnitude deltaRr. It is called the GMR effectiveness when it is at 
least 2% (setting to a room temperature). 

[0016] Sensor component part Ej which has a large magneto-resistive effect advantageously The 
layer-Like configuration may be constituted as the so-called multilayer system. Such a system contains 
another layer or the layer packet together with the layer system explained previously, and it excels by 
having the layer repeated periodically [ a single string ] depending on the case (see for example, the 
German patent application ****** 42 43 No. 358 official report). 

[0017] Two sensor component parts E1 which have the circle-like cross section in drawing 2 , 
respectively And E2 is shown. These sensor component parts form the sensor component E of the 
sensor equipment by this invention in common. Such sensor equipment may have many of such 
components that may be connected as a bridge in that case. It is systematically turned in the flat 
surface of the common substrate 2, and magnetization of the bias layer of each component part is ml. 
Or m2 It is shown. These magnetization directions appoint a reference direction to each sensor 
component part, are related with this reference direction, and are the directive external magnetic fields 
Hm. theta is measured whenever [ azimuth / of the component located in the flat surface of a 
measurement layer ]. Each component part E1 which belongs to one sensor component so that a 
drawing may show And E2 These datum lines or the suitable bias layer magnetization direction must 
sandwich mutually 0 degree or the include angle alpha which is not equal to 180 degrees by this 
invention. Generally to this include angle alpha, alpha= (n= 1, 2, 3, 5, 6, 7) (n.45 degrees) shall be 
realized in approximation at least, and the deflection of **10 degrees shall be contained in that case. It 
is especially advantageous in the include angle alpha used as the foundation of the example of drawing 
2 being about 90 degrees at least. In this case, the resistance change delta R1 or delta R2 as shown in 
the diagram which receives and is matched with regards to theta whenever [ azimuth ] is obtained. 
Advantageously, uniquely, it is within the limits whenever [ full width / of 0 degree - 360 degrees ], and 
an include angle theta can be determined without loss of resolution so that it may be immediately 
recognized in the case of common consideration of these diagrams. Therefore, the evaluation 
equipment of a measurement signal which is not shown is used for a drawing. This evaluation 
equipment is the sensor component part E1. And E2 It connects with each and each. 
[0018] Drawing 3 is the sensor component part Ej of the sensor component of the sensor equipment 
by this invention. It is a well-known example (the [ German patent application public presentation ] a 
1 95 07 No. 303 official report reference) in itself receiving. It is shown, strip partial piece ea of a large 
number to which this component part has extended for a long time in the guidance direction of Current 
I from — it changes. It is the die length La as which these five partial pieces were determined 
beforehand, respectively according to drawing 3 R> 3. And width of face Ba defined beforehand It is 
arranged so that it may have, and it may stand each other in a line in parallel and the mutual middle 
space of width of face w may be constituted. They are seen in the current guidance direction and 
connected just before or after the letter of meandering by the piece k of a contact bridge. These 
pieces of a contact bridge are the partial pieces ea. The piece k of a contact bridge is realized by 
suitable structuring by being made from common superficial lamination for example, by electronic 
lithography. In a drawing, it is the sensor component part Ej further. A nonmagnetic current connection 
band attaches a reference mark 9, and magnetization or reference direction of the bias layer of each 
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partial piece is a reference mark rna. It is given and shown. 

[0019] On the other hand, the advantage of the example shown in drawing 3 is to be able to attain the 
impedance level of several k-ohm request. Isotropic magnetization behavior can be carried out 
according to the priority direction in which it was [ in the measurement layer ] conspicuous on the 
other hand with the configuration defined beforehand again. A strip gestalt has another advantage of 
the configuration shown in the ability to contribute to stabilization of the magnetization in a bias layer. 
[0020] With the sensor component of the sensor equipment by this invention, the magnetization which 
has various orientation must be engraved at the place where it is narrow within the bias layer of each 
sensor component part, or a bias layer packet, advantageous — therefore, the German patent 
application public presentation 195th — 20 172 No. and the 195th — the [ 20 178 No. or ] — 
magnetizing equipment which is indicated by the 1 95 20 No. 206 official report may be used. In these 
magnetizing equipment, in order to set up magnetization, the field by the current which passes along 
the strip conductor which is prolonged in each sensor component part bottom, and is matched with 
these is used. In that case, it may insulate directly, and a strip conductor may be attached on the 
multilayer system of that each time, you may connect with this, or it may be separated from this 
multilayer system, and may be placed on this. The possible example of a suitable strip conductor is 
shown in drawing 4 . Two equal sensor components E prolonged in parallel in that case and E ? are four 
sensor component parts E1 connected almost simultaneously, respectively. Or E4 Or E'1 Or E'4 It 
leaves from having. In that case, each sensor component part ****s in the example by drawing 3 , and 
is constituted. Two sensor component parts connected almost simultaneously have the magnetization 
direction by drawing 2 R> 2 which intersects perpendicularly mutually, respectively. Sensor component 
part E1 of each [ drawing ] of a sensor component Or E4 Or E'1 Or E ? 4 Only wrap strip conductor 
equipment 10 or 10' can be seen in a multilayer system. Strip conductor equipment 10 or 10' has strip 
conductor 10a or 10a' prolonged in the partial piece (ea) bottom by which the sensor component part 
is matched within the limits of each sensor component part, respectively in that case. Parallel 
connection of strip conductor 10a and 10a' is carried out within the limits of the sensor component 
part. The programmed current which should be guided through strip conductor equipment since the 
setting field of each time is generated is Ie. It is shown. 

[0021] For example, such a parallel circuit of each strip conductor obtained by cutting a slit to a large 
field may be advantageously prepared also to other sensor component parts or sensor components of 
a comparatively large area. That is, it may be guaranteed that coercion is exerted so that a current 
may flow in the direction of each strip conductor by that cause in the case of the crooked current 
guidance direction (see drawing 4 ) and it may not flow in the slanting direction to it. The magnetization 
direction may be determined correctly suitably in that case. 
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[0 0 15] GMRt>if*fOBJJJ|fiJ«9E©«)Al: 
BBtaiftinlS&SA R r li/H 7^iifcttffiJS©/H 7^ 



( 4 ) 

5 

*#£ar, 2% mmiz&^x) T&S 

[0016] wf'JK. *£<^«&^m£W-t-5-fe> 

tfcHJ £ ftfcS -> x A £ & £ A,TS'J <D M 3: teS A y 

-i y&Vftam&fflm n 43 358^$g&#io „ 

[0017] 02 ^«^-tl^-*tlR^©«ISlfffl**-r-5> 2 10 
©-fe>-y-*^E^Jg)S-r^. 3 &-tr>1}-gjgtt* 

^k«»t-«lt*®©»«2»¥[5rt{wl«i]lte.n> m, s 

ysmtm^iz^mmz^o o° ttai so° ic^l< 

«a(C;ttbTte'>&< it>jfi^Wt;;a = (n • 4 5° ) 
(n=l, 2. 3. 5< 6. 7) ^^oiEoT^^^n 
"f. + 1 0° CDmMt>^&tlT^Z>*><Dii 

13 2 <7)S^0y £ & o T -5 & jg a 7^4>te < 

LTjjfoMme izm&vx. nmm-fibriT^^y^y 30 
Vyh,\z^nx^&&^ts.mj\mt& r 1 *fc«AR 

*Sbl:-iWl:o 0 -3 6 0° o^ft««EHrt-C»S 

[0 0 18] EI3«*fgBJicJ:^-fe>-y-ilBcO-fe>-y-S 
0iJ (hWy#ffttJIB&PIS§195 07 303^&*&#flg) * 

¥fffcM^oT«w(DffiSif|Ilja«|*#|*-rs«J:5K 

SfrfbickO. Iztiutm? uy^77^ tc«k0«)i«sp 50 



#H§¥ 11-194161 
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[0 0 19] 0 3 ^^$nxvi-&*is^j«fij^«— 
&z>z.£\z&z>. m^x-\t. irtt>fesb>bnrz.Mmz& 

0, £tzmfemft<D&±^fc&!fcJjfa\ZJ:VmJJtiL<nm 

u yftomtfin-i 7 7,mn<DMit<n ! £i£ik\z-m*3-\s%z> 

<H <h <fe <E> 0 

[0 0 2 0] *^HJtcJ:^ir>-y-g®cDir>it^T« 

ir h K:S* <0BBfr £ Wt*£«ffcrt*#J* 

Wtij§f£^!gl95 20 l72-*§, g§195 20 178^£fctt^l9 
5 20 206^«Jc:|B«$nTi^J:5feaS{fc;«H*^^ 

Mil OSitttl 0' Xh>J7^ft 

^^W»M- (e. ) ©±«*8tfW5Xh'J7^*# 
1 0 a 10a' ^Wf^o "b>-y-m^8B^co^H 

WTXh'Jyyiftl 0 a^ocfc^l 0 a' tt&79ttJR£ 

ct o » e>n«® >«? cox h u v zfmfcco z<D<ko t&mmm 



( 5 ) 



[0 3] •t>-y-*^g6^W#SiJfe*SS0iJ©5F®0 < , 

[0 4] H3K:«fc4-fe>-y-st}^ffl»*8Blft:-rsfc*©* 
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